INTRODUCTION
The efforts of the materials community can be characterized as the study of the relationship of processing, structure, properties and performance, as schematically illustrated in Figure 1 . Added, in parentheses, are quantities of importance when these ideas are applied to ultrasonic NDE. It would be highly desirable if one could start from models of processes such as rolling, casting and extrusion; predict the microstructural features produced, such as grain size or shape, texture (preferred grain orientation), or the two-point correlation of elastic constants (to be discussed later); predict the resulting ultrasonic properties such as velocity v, attenuation a and backscattering coefficient 1]; and ultimately determine the inspectability of the part. Such a capability would allow NDE to be considered explicitly during the selection of material processing procedures. In this paper, it is assumed that the link between processing and microstructure, which is the topic of many materials science studies, has already been established. Discussed in detail are recent progress along the two remaining paths needed to complete the goal: microstructure-ultrasonic property relationships and ultrasonic properties-inspectability relationships. The case of polycrystals will be taken as an example.
COUPLING MICROSTRUCfURE TO ULTRASONIC PROPERTIES
The velocity, attenuation and backscattering are controlled by the local values of the elastic stiffnesses. In certain stochastic theories [2, 3] , the controlling parameter is known as the two-point correlation of elastic constants, (CCIlCnCCIlC;')). Here; and ;' are two points selected randomly in a sample and 8CIl is the deviation of the elastic stiffness from its average. < ---> denotes an average over an ensemble of macroscopically equivalent samples. When the orientation of individual grains are independent of their position (but not necessarily random), the two-point correlation can be written in the simplified form (1) where (CCIlCC Il ) is the average of the indicated elastic stiffness value over the orientation of a grain and W(; -;') is the probability that two points, separated by a distance; -;' , fall in the same grain. Note, however, that this condition is violated in materials in which there are correlations between grain orientations, such as the duplex microstructures found in titanium alloys. Then one must consider a more general functional form [3] .
Theories are available which link this two-point correlation to the ultrasonic properties. For example, under the assumptions leading to Eq. (1), the backscattering coefficient for longitudinal waves propagating in the 3-direction is given by (2) where OJ is the frequency, k is the propagation constant, and VI is the longitudinal wave speed [3] . For the duplex case, Eq. (2) is replaced by a more complex formula, which Panetta has shown to be able to predict anisotropies in the noise associated with macrostructure [4] .
For the case corresponding to Equations (1) and (2) the velocity and attenuation are also governed by the two-point correlation of elastic constants. The relationship is more complex [2] , and may be thought of as a frequency dependent generalization of Christoffel's equation [5] . To the knowledge of the author, theories have not been developed for the case in which correlations exist between grain orientations.
COUPLING ULTRASONIC PROPERTIES TO INSPECTABILITY
In order to convert knowledge of ultrasonic properties into predictions of inspectability, it is necessary to consider distributions of signal strengths (for a given size flaw) and noise. When these distributions are well separated, a flaw has a high detectability. When they overlap significantly, detectability is low unless a high number of false calls are accepted. Given the ultrasonic properties, as controlled by microstructure, it is possible to predict these signal and noise distributions which control the inspectability of components. results for radially-inward inspection of a Ti 6-4 billet specimen denoted by "Kl". In each case the time gate was centered at the beam focus, and the gate duration is indicated. The experimental distributions were obtained by binning 990 measured voltages for specimen SS, and 36l voltages for specimen Kl.
plane, as expected. For the third probe, the noise gradually decays due to attenuation. With a single value of the backscattering coefficient as an input parameter determined by a fitting procedure, excellent agreement for the three different transducers is simultaneously observed.
However, practical industrial inspections are based on gated peak-to-peak detection. In Figure 3 , predictions of the peak-to-peak signal in a gate are compared to experiment for two materials and two gate widths. [7] Excellent agreement between theory and experiment is again observed. The inputs to this prediction are the ultrasonic properties whose relationship to microstructure was discussed in the previous section; velocity, backscattering and attenuation. Figure 4 is an example of work presented elsewhere in those proceedings. Here, a prediction of the distribution of signals from a set of nominally identical, #3 synthetic hardalpha inclusions (5 .9% N) is compared to the discrete observations on 8 such defects [8] . Although quantitative statistical measures have not yet been employed, it is clearly evident that the predicted distribution is consistent with the experimental observations.
APPLICATIONS TO PREDICT INSPECTION PERFORMANCE
Figure 5-7 present three applications in which such models were used in the prediction of inspection performance. Figure 5 shows predictions of signal-to-noise level, as a function of flaw position, for a hypothetical inspection system consisting of three, bicylindrically curved transducers focussed at different depths. Use of such a tool allows one to determine the number of zones required to keep the signal-to-noise above a prescribed value. [9] Figure 6 compares the gated peak noise levels (normalized by the response of a #2 flat-bottom hole) observed experimentally and predicted theoretically, for conventional and Fig. 4 . Comparison of the theoretically predicted distribution of gated peak-to-peak signal from #3 synthetic hard alpha inclusions to the discrete values (points on abscissa) observed on eight nominally identical samples. multizone approaches. It can be seen that the theory predicts the improved performance of the latter.
[10] Figure 7 illustrates the use of the theory to explain the dependance of noise-tosignal ratio on pulse volume. [10] This result establishes the fact the focussing, by decreasing pulse volume, increases signal-to-noise ratio. Since focussing increases the absolute value of noise (see Fig. 2 ), this result was not initially obvious, but arises because the signal is increased at a more rapid rate tan the noise.
An additional example may be found in the paper by Chiou et ai, describing a random defect block to be used in POD determinations. [11] Here the models were used to select flaws that would exist a desired range of detectabilities. 
CONCLUSIONS
The community now has in hand a number of well validated models describing the relationship of ultrasonic properties to inspectability, and a number of applications are emerging. Models describing the relationship of microstructure to properties are also emerging, and preliminary attempts at validation have been encouraging. As these models mature, it should become possible to link the results to process models, providing a set of tools which will allow inspectability to be considered as a part of the selection of material processing strategies.
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